Architecture and engineering of a supramolecular functional material by manipulating the nano-structure of fiber network by Li, Jing-Liang & Liu, Xiang-Yang
          Deakin Research Online 
 
This is the published version:  
 
Li, Jing-Liang and Liu, Xiang-Yang 2005, Architecture and engineering of a supramolecular 
functional material by manipulating the nano-structure of fiber network, Applied physics 
letters, vol. 87, pp. 1-4. 
 
Available from Deakin Research Online: 
 
http://hdl.handle.net/10536/DRO/DU:30039300 
 
Reproduced with the kind permission of the copyright owner.  
 
Copyright : 2005 American Institute of Physics 
Architecture and engineering of a supramolecular functional material
by manipulating the nanostructure of fiber network
Jing-Liang Li and Xiang-Yang Liu 
 
Citation: Appl. Phys. Lett. 87, 113103 (2005); doi: 10.1063/1.2042552 
View online: http://dx.doi.org/10.1063/1.2042552 
View Table of Contents: http://apl.aip.org/resource/1/APPLAB/v87/i11 
Published by the American Institute of Physics. 
 
Additional information on Appl. Phys. Lett.
Journal Homepage: http://apl.aip.org/ 
Journal Information: http://apl.aip.org/about/about_the_journal 
Top downloads: http://apl.aip.org/features/most_downloaded 
Information for Authors: http://apl.aip.org/authors 
Downloaded 27 Oct 2011 to 128.184.184.37. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions
APPLIED PHYSICS LETTERS 87, 113103 2005Architecture and engineering of a supramolecular functional material by
manipulating the nanostructure of fiber network
Jing-Liang Li and Xiang-Yang Liua
Department of Physics, National University of Singapore, 2 Science Drive 3, Singapore 117542
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Three-dimensional fiber networks were created from an organogel system consisting mainly of
elongated fibrils by using a nonionic surfactant as an additive. The presence of the surfactant
molecules manipulates the network structure by enhancing the mismatch nucleation on the growing
fiber tips. Both the fiber network structure and the rheological properties of the material can be
finely tuned by changing the surfactant concentration, which provides a robust approach to the
engineering of supramolecular soft functional materials. © 2005 American Institute of Physics.
DOI: 10.1063/1.2042552Supramolecular functional materials have attracted sig-
nificant research interest in recent years.1–5 In view of the
three-dimensional 3D fiber network structures formed by
interconnecting nanosized fibers, these materials have impor-
tant applications in drug delivery, coating, lithography, cata-
lyst supporters, template for the fabrication of nanostruc-
tures, scaffolds for tissue engineering, and self-supporting
porous materials for the separation of macromolecules, and
so forth.3,6–9 In general, the fiber network of this type of
material determines the performance and even the applicabil-
ity of the materials. For instance, an effective drug delivery
and bioseparation process depends on the precise control of
the pore size of the network.
It is widely believed that the fiber network of supramo-
lecular materials is formed by molecular self-assembly
through highly specific noncovalent interactions.1,3 However,
recent research confirmed that for many organogels the net-
work formation is a process that consists of the primary
nucleation of the gelators and the subsequent growth of the
fibers nucleation-growth process Fig. 1a.10 A 3D fiber
network can only be formed when branching occurs at the
tips or the side faces of growing fibers. This is called “crys-
tallographic mismatch branching CMB”.10 In the case of a
perfect structural match, the new layers of organic molecules
deposit on the tip of the growing fibers, leading to the growth
of elongated fibers. Under this condition, an interconnected
3D fiber network cannot be formed. Such a system normally
ends up as a paste. The CMB occurs when the new layers on
the tips of the growing fibrils undergo a certain degree of
structural mismatch. The above mechanism implies that a
desired network structure can be obtained by controlling the
fiber growth and branching Fig. 1b. However, such an
approach has not been reported in the literature. Instead, to
acquire materials with the desired structure and macroscopic
properties, significant efforts have been devoted to the iden-
tification of novel systems, which require the screening of a
large number of potential gelator/solvent systems.3,6,7 There-
fore, the objectives of this work are to create the desired
nanostructure and engineer the macroscopic properties, espe-
cially the rheological properties of an organogel by manipu-
lating the nanostructure of its fiber network.
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Downloaded 27 Oct 2011 to 128.184.184.37. Redistribution subject to AIP licIn this letter, we will report an approach to the nano-
structure architecture of an organogel system by using a non-
ionic surfactant polyoxyethylene sorbitan monooleate
Tween 80 Sigma. The organogel is formed by dissolving
a small molecular organic gelator dibutyllauroylglutamic
acid GP-1 98%, from Aijnomoto in isostearyl alcohol
ISA 99%, Cognis at 125 °C and lowering the temperature
to 30 °C. A physical gel was formed after time t tg gela-
tion time.
The nanostructure of the fiber networks of the xerogel
was examined using a scanning electron microscope SEM.
The xerogel was obtained by extracting the solvent ISA, cap-
tured in the network with a CO2 supercritical fluid extraction
equipment Thar Design. The flow rate of CO2 was set at
17 g/min, the temperature was maintained at 35 °C, and the
running time was 150 min. Using this system, the solvent
can be removed without disturbing the essential structure of
the networks.
The rheological properties of the organogel in the ab-
sence and presence of Tween 80, were measured by an ad-
FIG. 1. a The formation of an individual network. Fiber branching can be
caused by high surface supersaturation supersaturation-driven CMB on the
fiber tips or by the adsorption of additives additive-induced CMB. b
Architecture of the fiber network. By controlling the fiber branching, the
fiber network structure can be finely tuned and materials with the desired
macroscopic properties can be created.
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ric Scientific. Dynamic temperature ramp tests were carried
out to obtain the complex modulus G* viscoelasticity of the
gel. The concentrations of GP-1 were fixed at 6 wt % in all
the experiments. The sol-gel process was carried out in situ
between two plates with a gap of 1 mm. The samples were
subjected to sinusoidal oscillation by moving both the upper
with a diameter 25 mm and the lower circular plates. The
frequency was set to 0.1 Hz in all of the experiments. The
amplitude of the oscillation was controlled to obtain a strain
of 0.05% in the sample.
FIG. 2. SEM images of the GP-1/ISA gel fiber network structure: a with-
out surfactant and b with 0.00022 wt % Tween 80.
FIG. 3. Effect of surfactant concentration on the correlation length of GP-
1/ISA gel fiber network.
Downloaded 27 Oct 2011 to 128.184.184.37. Redistribution subject to AIP licIt was observed that at 30 °C, GP-1 prefers to grow in
one dimension. The structure is mainly formed by the en-
tanglement of elongated fibers Fig. 2a. Generally, this
type of network is not strong enough to entrap the liquid.
Interestingly, the addition of a tiny amount 0.00022 wt %
of Tween 80 can significantly promote the formation of in-
terconnected fiber network structure Fig. 2b. It means that
the surfactant molecules can effectively promote fiber
branching and the formation of a 3D interconnected fiber
network.
The correlation length , which is defined as the distance
between two branching points on one fiber is also greatly
reduced in the presence of the surfactant. By changing the
surfactant concentration, the correlation length can be finely
tuned Fig. 3, which means that the surfactant can be used
for the architecture of the fiber network, especially the pore
size, to get desired network structure.
The network structure determines the macroscopic prop-
erties of the gel. Figure 4 shows the viscoelasticity, the com-
plex modulus G* as a function of Tween 80 concentration.
The increase of G* is almost 50% from about 9105 Pa
in the absence of surfactant to over 1.3105 Pa when Tween
80 is present at concentrations above 0.00022 wt %. The
increases of G* in the presence of the surfactant is attribut-
able to the formation of more structured fiber network
Fig. 2.
The effects of the surfactant on the nanostructure and
macroscopic properties of the gel are attributable to its inter-
facial adsorption capability. It is well known that the surface
active molecules, such as surfactants, can be adsorbed at the
interface between two phases with different polarity. In this
gel system, the surfactant molecules can be adsorbed at the
surface of fiber tips, which disrupts the structural match be-
FIG. 4. Effect of surfactant concentration on the viscoelasticity of GP-1/ISA
gel.
FIG. 5. Illustration of surfactant-induced fiber branching. a The formation
of elongated fibers due to a perfect structure match in the absence of sur-
factant. b The adsorption of surfactant causes mismatch nucleation and
fiber branching.
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113103-3 J. Li and X. Liu Appl. Phys. Lett. 87, 113103 2005tween the nucleating molecules and existing crystalline
phase and causes fiber branching Fig. 5.
In conclusion, we reported in this letter an approach to
the architecture of the nanofiber network of a supramolecular
material. The interfacial adsorption of the surfactant mol-
ecules on the fiber tips increases the mismatch branching of
the fibers and leads to the formation of structured 3D fiber
networks. Both the structure and macroscopic properties of
the material can be finely tuned by changing the surfactant
concentration.
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